Summary and Implications The distributions of haplotype diversity across the whole genome among 10 US beef cattle breeds were constructed. In most chromosomes for all the breeds, consistent low haplotype diversity were observed in some specific regions, 55% of which was found to match the positions of reported gene duplications. Further work is required to determine whether the low haplotype diversity is real, or a result of problems in sequencing which have limited our ability to identify informative markers in those regions. Haplotype diversity will be the subject of ongoing work to identify haplotypes that are under-represented as homozygotes, to fine-map regions with major gene effects, and to fit haplotype rather than SNP models for genomic prediction.
Introduction
Single-nucleotide polymorphism (SNP) markers are extremely common throughout the genome. Individual genes or quantitative trait loci (QTL) carrying causal mutations often include multiple SNPs in its coding areas and surrounding regions. The alleles at these mutations tend to be inherited together in discrete blocks known as haplotypes that are preserved unless there is a recombination event within the block to create a new haplotype. Haplotypes may be separated by recombination hot spots. The size and number of haplotype blocks are fundamental factors influencing the results of association studies and the accuracy of genomic prediction.
Haplotypes are of direct scientific interest as fitting them in genome-wide association studies can provide greater statistical power to capture effects of causal genes because they determine the observed linkage disequilibrium (LD) between SNP markers (Schork et al. 2000) . Distinct populations such as cattle breeds may carry some haplotypes in common. In this study, we reconstructed haplotypes within each 1-Mb SNP window for 10 US beef cattle breeds that had been genotyped with the Illumina BovineSNP50K.
Materials and Methods
A dataset comprising over 32,000 animals genotyped for 50K SNPs and representing 5,692 Hereford, 1,794 Red Angus, 5,242 Simmental, 1,418 Brangus, 11,360 Angus, 3,275 Limousin, 1,467 Gelbvieh, 996 Charolais, 956 MaineAnjou and 450 Shorthorn, pure-bred and cross-bred individuals was used. The linkage phase of haplotypes were inferred and missing genotypes were imputed using Beagle separately for data from each breed association, and then all the SNP alleles were grouped into 1-Mb windows according to UMD3.1 map positions, forming haplotypes consisting of on average 20 SNPs in width. We investigated the number of haplotype alleles and their frequencies within each window, and the diversity of common haplotypes, which we defined as those observed at a frequency of at least 1 in 100 in each breed. We related the regions where the common haplotype diversity was low to the reported QTL database.
Results and Discussion
The average number of common haplotypes across the entire genome was 18 and ranged from 15~25 in individual breeds. Some specific windows showed consistent increased or decreased haplotype diversity in all breeds. Decreased haplotype diversity was observed in some windows of most chromosomes for all the breeds. Some 55% of these regions matched positions of reported gene duplications (Table 1) . This information provides direction for future studies to characterize haplotype diversity in relation to annotated gene-rich regions, copy number variation, published QTL, selection signals and loss-of-function mutations. 
